Summary.
Scanning electron microscopy of the choroid plexus in white rats gave the following results:
1. The choroid plexus consists of tortuous capillary blood vessels, an epithelial cell layer uninterruptedly covering their surface and the interjacent connective tissue which is not seen from the surface. The contour of each epithelial cell is recognizable from the ventricular surface as a low, round hill.
2. Each epithelial cell has numerous microvilli on its free surface. They are neither branched nor fused; they are variable in shape, sometimes with a swollen tip. Their thickness is inconstant even in a single microvillus.
The distribution of microvilli seems more dense and conglomerated at the top of the hill than at the periphery of the cell. 3. Clusters of longer protrusions which possibly correspond to groups of cilia are scattered on the epithelial surface covered with microvilli.
A cluster which consists of about ten or less cilia is seen in only one per several cells. Occasionally two or three such clusters occur on a single cell.
Electron microscope studies on the structure of the choroid plexus have been performed by various investigators (BREEMEN and CLEMENTE, 1955; DEMPSEY and WISLOCKI, 1955; MILLEN and ROGERS, 1956; MAXWELL and PEASE, 1956; LADMAN and ROTH, 1958; MURAKAMI, 1961; PONTENAGEL, 1962; CARPENTER, 1966; OKSCHE and VAUPEL-VON HARNACK, 1969; DOHRMANN and BUCY, 1970; DOHRMANN and HERDSON, 1970; DOHRMANN, 1970a) . These studies confirmed that the basic structure of the choroid plexus consists of a single layer of cuboidal epithelial cells, an interposed layer of connective tissue and the innermost capillary blood vessels as observed by the light microscope, and they revealed the occurrence and fine structure of epithelial microvilli. MAXWELL and PEASE (1956) stated that "pedicles" of various sizes were thought to be labile structures and described them as "irregular and greatly variable in form." DOHRMANN and BUCY (1970) classified these microvilli into symmetrical finger-like ones and relatively shorter, rounded or club-shaped ones. On the other hand, cilia were found in the choroidal epithelium by MILLEN and ROGERS (1956) and later confirmed by LADMAN and ROTH (1958) , MURAKAMI (1961) , PONTENAGEL (1962) , CARPENTER (1966), OKSCHE and VAUPEL-VON HARNACK (1969) , DOHRMANN and BUCY (1970) and DOHRMANN and HERDSON (1970) . Among them DOHRMANN and HERDSON (1970) described that the cilia exist as tufts at the apex of the epithelial cell. Although these observations have enabled, to a certain extent, a visualization of the three dimensional structure of the choroid plexus, especially of the microvilli and cilia growing there, no report on this subject using scanning electron microscopy seems available as far as the author knows.
The purpose of this paper is to describe the fine detail of scanning electron microscopic observation of the choroid plexus in white rats.
Materials and Methods
Brains of adult white rats weighing 150-250g were used. Animals were fixed by the perfusion fixation technique for transmission electron microscopy (YAMADORI and SAITO, 1970) . The perfusate used was phosphate buffered 2.5% glutaraldehyde which contains 7.5% sucrose (TOKINAGA, HARADA and MATSUMOTO, 1970) . Soon after the perfusion the brains were taken out and the choroid plexuses, separated from the fourth and lateral ventricles with or without the tissue of the ventricular floor to which the plexus attaches, were flooded with the same glutaraldehyde for 12hrs. The specimens were then flooded in a fresh fixative for the next 12hrs.
Some of the choroid plexuses, after being fixed by the perfusion and flooded for more than 1hr in glutaraldehyde, were washed briefly by the buffer solution and then flooded with 1% osmic acid (PALADE, 1952) for 3hrs like the specimen for transmission electron microscopy. The fixed specimen was dehydrated through an ascending series of acetone and dried in the air (BARBER and BOYDE, 1968; FUJITA, INOUE and KODAMA, 1968) . The specimen surfaces coated by vacuum evaporation of carbon and gold (BARBER and BOYDE, 1968) were observed and photographed in a JSM-U3 type scanning electron microscope. The accelerating voltage used was 6-26kv.
Observations
Under low magnification, the choroid plexus of rat ventricles appears as tortuous swellings covered by an epithelial cell layer (Fig. 1, 2 ). It is evident by a longitudinally torn view that under the epithelial cell layer there are blood vessels (Fig. 8) . However, the connective tissue layer which must exist between the epithelial layer and the blood vessel is not evident.
Only the rugged endothelial cell surface of the blood vessel is observable.
The individual epithelial cells can be seen by higher magnification as low, round hills which have a sponge-like surface (Fig. 3) . The fine detail of the cell surface shows many small serpentine protrusions (Fig. 4) . Although these protrusions seem somewhat depressed and conglomerated at the apical or central area, the protrusions at the peripheral area seem more prominent.
Those depressed and conglomerated forms may probably be the products of fixation and dehydration procedures. The enlarged view of the cell surfaces shows that the small protrusions are so-called microvilli which have tortuous forms and considerable length (Fig. 5) . Winding and twisting of these microvilli as well as contact with each other are also seen in high magnifications, but branching is not observable.
Frequently the tip of the microvilli swells up into a bulbous structure, so that the thickness of these microvilli varies even in a single microvillus (Fig. 5 ).
Besides these small protrusions which are called microvilli or brush border, longer protrusions are recognized as scattered bright spots on the epithelial surface ( Fig. 1-4) . By larger magnification each bright spot is seen as a cluster of long and Clusters of longer protrusions are seen as bright slender protrusions which have almost the same thickness as the neighboring microvilli (Fig. 6, 7) . Although it is impossible to identify them definitely as cilia, it is deducible both by DOHRMANN and HERDSON's description (1970) that the cilia of the choroid plexus exist as tufts at the apical surface of the epithelium, and by the scanning electron microscopic observation of cilia in the tracheal and olfactory mucosa (BARBER and BOYDE, 1968) . As these probable cilia always cluster and form a glomerulus or flower-like structure, the number of cilia composing a cluster is hard to guess. However, they are probably around ten or less (Fig. 6, 7) . The cell which has one, occasionally two or three, of these clusters is seen in only one per several epithelial cells. The distribution of these clusters seems generally greater in concave areas than in convex areas in some fields (Fig. 3, 4) . However, in occasional fields they seem to be distributed evenly as in Figure 2 , which clearly shows the distribution of the bright spots. There are a number of reports on the choroid plexus of various animals as seen by transmission electron microscopy.
Particularly descriptions of the epithelial cell including the morphology of microvilli and cilia are precise. It is said that the existence of brush border on the free surface of the epithelial cell had been described by KALWARYJSKI in 1924 (DOHRMANN, 1970b , but the occurrence of microvilli there was first recognized with the electron microscope by BREEMEN and CLEMENTE (1955) and DEMPSEY and WISLOCKI (1955) in their experimental and morphological studies on the hematoencephalic barrier. BREEMEN and CLEMENTE (1955) described the bleb-like structure covering the epithelial cell surface in the choroid plexus, while DEMPSEY and WISLOCKI (1955) documented bulbous protoplasmic projections of the plasma membrane. A detailed electron microscopic observation of microvilli was first performed by MILLEN and ROGERS (1956) who described them as a consistent and well defined element formig the brush border of the choroidal epithelium. MAXWELL and PEASE (1956) , on the other hand, stated that the cell projections were thought to be labile and might actually be pinched off and contribute to the secretory product. The microvilli or brush borders are thought to be seen in the choroidal epithelium of almost all species except a lizard, Gecko japonicas, which was studied by MURAKAMI (1961) . DOHRMANN and BUCY (1970) divided the microvilli of the choroidal epithelium into two groups: symmetrical finger-like ones and relatively shorter, rounded or club-shaped ones. The present scanning electron microscopic observation clearly shows the occurrence of these microvilli in rats and indicates that they are not short, club-shaped ones but more slender and finger-like. They seem considerably long and frequently have a swollen tip (Fig. 5) , but it can not easily be inferred that a part of them are pinched off and contribute to the secretory product as MAXWELL and PEASE (1956) stated.
The structure of cilia was reported by MILLEN and ROGERS (1956) , PONTENAGEL (1962 ), CARPENTER (1966 , DOHRMANN and BUCY (1970) and DOHRMANN and HERDSON (1970) by observation with the transmission electron microscope. The morphological criteria of cilia established in the studies of thin sections are naturally unavailable for the identification of cilia by scanning electron microscopy.
Because MILLEN and ROGERS (1956) , DOHRMANN and BUCY (1970) and DOHRMANN and HERDSON (1970) described cilia as clusters of longer protrusions, scattered groups of longer protrusions are assumed to be cilia ( Fig. 1-4) . This can also be inferred from the report of BARBER and BOYDE (1968) who observed the tracheal and olfactory cilia by scanning electron microscope.
By larger magnifications (Fig. 6, 7) , the detail of these longer protrusions become somewhat clear. However, their thickness seems to be variable compared with the typically uniform shape of cilia observed by transmission electron microscope. It may be possible to attribute this inconsistent thickness to the fixation and drying procedures. It is an interesting fact that they have a tendency to cluster by inward folding and make a form of glomerulus or flower among the irregularly twisting microvilli.
As for the fixation methods in this study, there seems to be no great difference between fixation with 2.5% glutaraldehyde only ( Fig. 1-5 ) and double fixation using glutaraldehyde and osmic acid (Fig. 6-8 ) except that a slight unevenness of the surface of the microvilli is recognized in the case of the single glutaraldehyde fixation (Fig. 5) . However, whether this can be actually ascribed to the single fixation, or to insufficient washing of specimen surfaces or some other causes was not clear in this study.
